This study is conducted in Peninsular Malaysia maritime to investigate the euphotic zone depth (Z eu ) variation and the possible suspended matter that may contribute to the variation. The Z eu data were acquired from the MODIS Aqua satellite from 
Introduction
Water clarity is one of the physical water optical properties and traditionally measured by using Secchi disc technique [8] . Such measurements are usually carried out using research cruises, which have limited temporal and spatial accessibility. With the advancement of the remote sensing technology such limitations can be solved; recently, MODIS OBPG have distributed euphotic zone depth (Z eu ) product through Giovanni interface that can be used to monitor water clarity in ocean. Theoretically, Z eu is defined as the depth of a water body at which the light intensity is reduced to 1% from the value at the surface [4] , [9] . Z eu depends on the suspended matter in the water body (i.e. high suspended sediment concentration can decrease Z eu and vice versa), therefore is a good indicator to monitor the clarity of the water body. The suspended matter can be in a form of sediment, dead organic material or phytoplankton. Although the product can indicate water clarity (or turbidity), it cannot specifically tell the type of suspended matter that affects the Z eu . Determining the possible suspended sediment that contributes to the variation in Z eu is an interesting but challenging task. Generally, there are two common methods to estimate Z eu using remote sensing techniques [9] , [5] . The first method is the simple Chl-a approach, which is an empirical method that is based on assumption by Morel et al. [5] . By using this method, the Chl-a concentration can be used to calculate Z eu based on the fact that a euphotic zone provides a suitable place for marine phytoplankton to photosynthesize. Lee at al. [9] has developed a different approach that made use of water inherent optical properties (IOP). This developed method is named IOP-Centered approach. In this method, Z eu is computed based on the absorption and backscattering coefficients at 490 nm. The performance both methods have been tested in the East China Sea by Shang et al. [7] . The results showed that both methods were robust, with the IOP-Centered approach was found more reliable. The main objectives of this study are therefore to monitor Z eu variation in Peninsular Malaysia maritime and determine the possible suspended matter that contribute to the variation of Z eu . In this study, data acquired from MODIS Aqua from 2002 to 2013 is used. The study is conducted by making use of Giovanni online interface.
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2 Materials and Methods
Peninsular Malaysia is part of Malaysia, covering an area of 131,598 square kilometres. It shares a land border with Thailand to the north while to the south is the island of Singapore. Across the Strait of Malacca to the west lies the island of Sumatra, Indonesia. Malaysia's climate is influenced by the wind systems that originate from Indian Ocean and South China Sea. Every year, southwest monsoon season (SWMS) and northeast monsoon season (NEMS). SWMS occurs from May to September and brings rain to the west coast of Peninsular Malaysia, while NEMS occurs from November to March and brings rain to the east coast of Peninsular Malaysia. Figure 1 shows the bathymetry map for the study area [2] . The data for Z eu , R rs (667), Chl-a and CDOM are initially explored by using Giovanni system. Giovanni is a Web-based online visualization and analysis tool that allows a user to browse Earth science remote-sensed and numerical models data from multitemporal and multiresolution acquisition systems. The Giovanni products are updated routinely to provide the most recently available data, thus benefiting users in carrying out short and long terms research. In this study, the coordinates of the study area are from 1 o N to 6.5 o N latitude and from 98.5 o E to 106 o E longitude covering the whole Peninsular Malaysia. This study makes use multitemporal dataset downloaded from the Giovanni system. MODIS Aqua data that were resampled at 4 km resolution from November 2002 to September 2013 are used. Z eu can be derived by using Lee et al. [9] algorithm, which is based on the IOP approach:
where, PAR K is the vertical attenuation coefficient of photosynthetic available radiation (PAR). Remote sensing reflectance at 667 µm wavelength, R rs (667) is used as an indicator to indicate the presence of suspended sediment in the study area [1] , [3] , [6] , where remote sensing reflectance R rs at wavelength λ can be defined as:
where, ( ) rs R λ is the above water remote sensing reflectance, ( ) W L λ is the water leaving radiance and ( ) s E λ is the above-water incident irradiance. Chl-a concentration acquired from MODIS Aqua sensor is used to indicate the presence of phytoplankton in the study area. The MODIS Aqua data are from the period of November 2002 to March 2013. The Chl-a concentration is determined using OC3M algorithm that is extended from the OC4 and OC2 algorithms that were originally developed for SeaWiFS sensor [3] . The OC3M algorithm is defined as: E λ is the above-water incident irradiance. MODIS Aqua CDOM index product is used as a indicator to the present of the above mention suspended matter in the study area. This product was generated by OBPG by using a simple band ratio algorithm [5] .
Results and Discussion
The first section discusses the Z eu variation, while the second section discusses the possible constituents that may cause the variation. 
3.2
Possible Constituents There are a number of factors than may contribute to the variation in the Z eu value in the study area. Here, we investigate the possible contribution factor. Figure 5 The other factor that may lead to the turbidity variation is the present of phytoplankton, which can lower the Z eu . In this study, the Chl-a values are used as an indicator to the presence of phytoplankton in the water body. Figure 6(a) shows the Chl-a concentration in the study area for the period from November 2003 to March 2013. The result shows that high Chl-a concentrations are observed along the Malacca Straits and along the east coast Peninsular Malaysia. The Chl-a value in this area varies between 0.2 to 30 mg/m 3 . Low Chl-a concentrations are observed in the South China Sea. As compared to Figure 2(a) , this result indicates that the low Z eu values occurred concurrently with the high Chl-a dominated area. This shows that, the Z eu are highly correlated with the presence of phytoplankton. The Chl-a areaaveraged time series that is shown in Figure 6 (b) also shows high correlations with the Z eu . Higher Chl-a concentrations are observed from December to January every year. These peak months are consistent with the months having the lowest Z eu values. 
Conclusion
In this study, Z It is also found that CDOM also contributes to the variation in water clarity where high correlation between these parameters is found. Finally, it can be concluded that the water clarity in Peninsular Malaysia maritime is highly seasonal-dependent. The phytoplankton and CDOM are the main factors that contribute to the clarity of coastal and open water regions. Sediment concentrations only affect the water clarity along the coastal lines.
